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TO THE COMMISSIONER FOR PATENTS: 

I, Dr. Carl Anthony Blau, declare as follows: 

1. I am a co-inventor named in the above-identified patent application and I am 
familiar with the subject matter of this application. 

2, My educational and work background are as follows: I received a Bachelor of 
Science degree from Wright State University in Dayton, Ohio, in 1982, and a Doctor of 
Medicine degree from Ohio State University in Columbus, Ohio, in 1986. I was an Intern in the 
Department of Medicine at Duke University in Durham, North Carolina, from 1986 to 1987, and 
a Resident in the Department of Medicine at Duke University in Durham, North Carolina, from 
1987 to 1989. From 1989 to 1994, I was a Senior Fellow in the Division of Oncology at the 
University of Washington in Seattle, Washington. I am currently an Associate Professor in the 
Division of Hematology of the Department of Medicine and an Adjunct Associate Professor of 
Genome Sciences at the University of Washington, Seattle, and a Member of the Fred 
Hutchinson Cancer Research Center/University of Washington Cancer Consortium. I have 
extensive experience in gene transfer to and expansion of primary hematopoietic cells, such as 
hematopoietic stem cells. 



-1- 



LAW OFFICES OF 
CHRISTENSEN O'CONNOR JOHNSON lONDNESS"^ 
1420 Fifth Avenue 
Suite 2800 
Seattle, Washington 98101 
206.682.8100 



UWOTLU 5624AM5.DOC 



3. It is my understanding that U.S. Patent No. 5,741,899 (Capon et al.) has been 
cited as a prior art reference in the above-identified application. 

4. The methods and cells claimed in this application, as amended, are directed to 
primary mammalian cells — such as hematopoietic stem cells — containing a construct encoding a 
fusion protein comprising at least one signaling domain and at least one drug-binding domain, 
wherein exposure to a drug of primary cells transduced with this construct reversibly induces 
growth, proliferation, or differentiation of the cells. Capon et al. does not provide an enabling 
description that would permit one skilled in the art to make and use primary mammalian cells 
(such as primary hematopoietic stem cells) containing a construct encoding a fusion protein 
comprising at least one signaling domain and at least one drug-binding domain. 

5. Capon et al. does not provide an enabling description of methods of expanding 
primary mammalian cells (for example, primary hematopoietic stem cells) or methods of treating 
a hematopoietic disease or condition by exposing cells containing a construct coding for a fusion 
protein comprising at least one signaling domain and at least one drug-binding domain to the 
drug. Capon et al. describes placing CPR-expressing CD8"^ T cells in "culture dishes coated with 
saturating concentrations of either 0CTK4A, anti-human Fc Mab, gpl20, gpl60-expressing 
cells, gp41/gpl20-expressing cells, HIV-1 infected cells or FK1012" (Col. 42, lines 61-64). 
However, the use of "saturating concentrations" of FK1012 would not resuh in proliferation 
because saturating concentrations of FK1012 inhibit grov^ by occupying all of the FKBP sites 
and thereby prevent dimerization, as further described below. 

6. FK1012 is a bivalent drug that mduces dimerization of two FKBP domains. It has 
been shown that high concentrations of a bivalent drug prevent dimerization of a receptor for that 
drug. For example, human growth hormone (hGH) is a bivalent molecule v^th two separate sites 
for binding to the extracellular domain of the human growth hormone receptor (hGHbp) (Fuh et 
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al. (1992) Science 256:1677-80, page 1678, Col. 1; Fig. 1; enclosed). At low concentrations, 
hGH binds to both sites to produce an active complex containing a dimeric form of hGHbp 
(hGHpb)2, thereby inducing proliferation (Fuh et al. (1992) Science 256:1677-80, page 1678, 

Col. 1; Fig. 1). However, excess hGH will dissociate this dimeric complex and inhibit 
proliferation (Fuh et al. (1992) Science 256:1677-80, page 1678, Col. 1-2; Fig.l). Accordingly, 
at high concentrations, human growth hormone saturates the receptor and acts as an antagonist 
by preventing dimerization (Fuh et al. (1992) Science 256:1677-80, page 1678, Col. 2; Fig. 1). 

7. The same effect is observed with saturating concentrations of FK1012. 
Proliferation of the murine cell line Ba/F3 is dependent on the presence cytokine IL-3. However, 
Ba/F3 cells expressing a chimeric protein containing an intracellular signaling domain linked to a 
FKBP domain are capable of FK1012-dependent proliferation in the absence of IL-3 (see, e.g., 
Blau et al. (1997) Proc. Natl Acad Sci, USA, 94:3076-81, abstract; of record). Proliferation of 
these cells in response to FK1012 is concentration-dependent, and at higher concentrations of 
FK1012 less proliferation is observed (Blau et al. (1997) Proc. Natl Acad Scl USA, 
94:3076-81, page 3078, Col. 1). The reason for the decline in cell proliferation with higher 
concentrations of FK1012 is suggested to be "due to excessive occupancy of the FKBP 12 
binding sites by FK1012, thus preventing oligomerization/dimerization of the fusion proteins" 
(Blau et al. (1997) Proc, Natl Acad, Set USA, 94:3076-81, page 3078, Col. 1). These results 
indicate that saturating concentrations of FK1012 would inhibit proliferation. Confirmation of 
this theoretical certainty is provided by the following experimental results obtained in my 
laboratory on June 2, 1997, showing that saturating concentrations of FK1012 inhibit 
proliferation of cells expressing a similar chimeric protein. A clone of Ba/F3 cells expressing a 
chimeric protein containing an FKBP domain linked to the Fit intracellular signaling domain 
(FlFlt3) was exposed to increasing concentrations of FK1012 and cell proliferation was 
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measured using a previously described assay (Blau et al. (1997) Proc, Natl Acad Set U,SA, 
94:3076-81, page 3077, Col. 1-2). The amount of cell proliferation was compared to the 
proliferation obtained in the presence of IL-3 -containing medium (WEHI-conditioned medium). 
As shown m Table 1 and Figure 1, FlFlt3 -containing BA/F3 cells are capable of FK1012- 
dependent proliferation in the absence of IL-3. The maximum amount of proliferation of this 
clone of FlFlt3 -expressing cells was obtained at 1 nM of FK1012. However, concentrations of 
FK1012 above 10 nM were found to inhibit cell proliferation and at concentrations above about 
100 nM.FK1012, no cell growth was observed (Table 1, Figure 1). These results unequivocally 
demonstrate that concentrations of FK1012 sufficient to saturate all of the FKBP sites 
completely prevent FK1012-induced cell proliferation, similar to the results described for hGH. 
Because the mechanisms of dimerization of a receptor for a bivalent drug is the same in primary 
cells, saturating concentrations of a bivalent drug would also prevent drug-induced proliferation 
of primary mammalian cells. 



Table 1. Effect of Increasing Concentrations of FK1012 on Cell Proliferation in FlFlt3- 
Contaming Ba/F3 Cells 



Concentration of FK1012 (nM) 


Growth Relative to 1% WEHI 


0 


0 


0.01 


0.087065 


0.1 


0.639303 


1 


2.281095 


10 


0.455224 


100 


0.062189 


1000 


-0.012438 
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FIGURE 1. 
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8. Because Capon et al. teaches the use of saturating concentrations of FK1012, a 
person of skill in the art reading Capon et al. would not be able to (1) obtain, without undue 
experimentation, a genetically engineered primary mammalian cell containing a construct coding 
for a fusion protein comprising at least one signaling domain and at least one drug-binding 
domain to a drug, wherein administration of the drug to the cell induces growth, proliferation 
and/or differentiation, or (2) practice, without undue experimentation, methods of expanding 
primary mammalian cells — ^including hematopoietic stem cells — or methods of treating a 
hematopoietic disease or condition by exposing cells containing a construct coding for a fusion 
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protein oomprising jat least one signaling domain and at least one drug-binding domain to a drug, 
as described and claimed in the above-identified patent application. 

9. AU statements made herein and of my own knowledge are true, and all statements 
made on infoimatiibn and belief are believed to be true; and fiirther, these statements were made 
with the knowledge that willful, false statements and the like so made are punishable by fine or 
imprisonment, or lloth, under Section 1001 of Title 18 of the United States Code, and that such 
willful, false stateiaents may jeopardize the validity of the above-identified application or any 
patent issued there(|>n. 

Respectfully submitted. 



Dated: 



Dr. C.A. Blau 



KBB:kbb 



tJWOTL\t5624AMS I 
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Carl Anthony Blau 

PERSONAL DATA 

Date of Birth: 7/28/60 

Place of Birth: Clinton, Indiana 

EDUCATION 

M.D., Ohio State University, 1986, Cum Laude 

B.S., Wright State University, 1982, Summa Cum Laude 

POSTGRADUATE TRAINING 

1989- 1 994 Senior Fellow, Division of Oncology, University of Washington 
1 987- 1 989 Resident, Department of Medicine, Duke University 
1 986- 1 987 Intern, Department of Medicine, Duke University 

FACULTY POSITIONS HELD 

2003 -present Member, Fred Hutchinson/University of Washington Cancer Consortium 

2003 -present Appointments and Promotions Committee, Department of Medicine, University of 
Washington 

2003-present Adjunct Associate Professor of Genome Sciences, University of Washington 

2000-present Associate Professor, Division of Hematology, Department of Medicine, University of 
Washington 

1998-2004 Associate Program Director for Gene and Cell Therapy, General Clinical Research 
Center, University of Washington 

1997-2000 Assistant Professor, Division of Hematology, Department of Medicine, University of 
Washington, Seattle, Washington 

1 994- 1 997 Acting Assistant Professor, Division of Hematology, Department of Medicine, 
University of Washington, Seattle, Washington 

HOSPITAL POSITIONS HELD 

Scientific Advisory Board, General Clinical Research Center, University of Washington, Seattle, WA 
7/95 - present. 
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Clinical Associate Physician Award, Clinical Research Center, 1994-1997 

National Research Scientist Award, 1992-1994. 
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Haskill Schiff Award, Duke University Department of Medicine, 1989 (awarded to one resident 
annually for excellence in clinical medicine). 

Alpha Omega Alpha, 1985. 

Rotary Club Exchange Student to Ravensburg, Germany, July 1977 - June 1978. 

PRESENTATIONS AT NATIONAL AND INTERNATIONAL MEETINGS 

Invited Speaker, " 

Invited Speaker, "Modem Trends in Hxmian Leukemia" XV Wilsede Meeting, Wilsede Germany, 
June 14-18, 2003. (Robert Richard sent in my place). 

Invited Speaker, Thirteenth Conference on Hemoglobin Sv^tching, Oxford, UK September 25-29, 
2002. 

Invited Speaker, Scientific Symposium, Hemopoietic Gene Therapy: Progress and Prospects, 
American Society of Gene llierapy, Boston, MA, June 7, 2002. 

Invited Speaker, Third Conference on Stem Cell Gene Therapy, Biology and Technology, Rockville, 
Maryland, March 22, 2002 

Invited Speaker, Eastlick Symposium, Washington State University, March 2001. 
Invited Speaker, Hemoglobin Switching Conference, Orcas Island, 2000. 
Invited Speaker, "Modem Trends in Leukemia," Wilsede, Germany, June 2000. 
Meet the Investigator Session, American Society of Gene Therapy, Denver, June 2000. 
Invited Speaker, Baylor College of Medicine, March 2000. 

Invited Speaker, University of Pittsburgh Medical Center Hematology/Oncology Grand Rounds, 
February, 2000. 

Invited Speaker, Department of Biochemistry and Molecular Biology, University of Kansas Medical 
Center, Kansas City, October 8, 1999. 

Invited Speaker, Fourth Symposium of Tissue Engineering for Therapeutic Use, Kyoto, Japan, 
September 1999. 

Invited Speaker, University of Alabama, Birmingham, July 1999. 
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New Investigator Plenary Session, International Society for Experimental Hematology, Monte Carlo, 
Monaco, June 1999. 

Invited Speaker, Albert Einstein College of Medicine, Bronx, N.Y., June 1999. 
Department of Medicine Grand Rounds, University of Washington, April 29, 1999. 
Science in Medicine Lecturer, University of Washington, November 1998. 

New Investigator Plenary Session, International Society for Experimental Hematology, Vancouver, 
Canada, August 1998. 

Invited Speaker, Japanese Biochemical Society's Conference on Stem Cell Commitment and 
Expansion, Tsukuba, Japan, July 8-10, 1998. 

Invited Speaker, Second Conference on Stem Cell Gene Therapy, Orcas Island, WA, June 1998. 

Plenary Session: American Society of Gene Therapy, Seattle, WA, May 1998. 

Invited Speaker, Keystone Conference on Stem Cell Gene Therapy , Lake Tahoe, NV, February, 
1998. 

Conference on In Utero Transplantation and Stem Cell Gene Therapy, 1996 
Hemoglobin Switching Conference, Orcas Island, 1996 
First Conference on Stem Cell Gene Therapy, 1995 
Hemoglobin Switching Conference, Orcas Island, 1994 
American Society of Hematology, 1994 

NATIONAL RESPONSIBILITIES 

Panelist, Comprehensive Sickle Cell Centers - Working Group Meeting, May 15, 2000. 
Member, Special Study Section for Tissue Engineering, July 5 2000. 
Member, Special Study Section for Tissue Engineering, March 24, 2001. 

External Referee for the Medical Research Council's Molecular Hematology Unit, Oxford, England, 
April 2001. 

Extemal Referee for Swiss National Science Foundation, April 2001. 

Member, Special Study Section, National Center for Research Resources, General Clinical Research 
Center, USC, Los Angeles, February, 2002. 

Member, Special Emphasis Panel for the National Sickle Cell Centers, May 6-8, 2002. 

Member, Extemal Advisory Board, Program Project Grant: "Gene Therapy Using Hematopoietic 
Stem Cells." 1P01HL073 104-01, Principal investigator: Don Kohn, USC, 2002 - present. 

Member, Scientific Committee on Hemopoietic Cell Gene Therapy, American Society of Gene 
Therapy, 1999-2002. 
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BOARD CERTIFICATIONS 

National Medical Boards, parts 1-3 

American Board of Internal Medicine, 1989 

American Board of Internal Medicine, Medical Oncology, 1991 

American Board of Intemal Medicine, Hematology, 1992 

Certificate of Completion, Clinical Gene Transfer Training Course May 29-30, 2001. 



RESEARCH SUPPORT 

A, Active Support 

ROl DK52997 (Blau) 8/1 0/97 - 7/3 1/05 1 5% 

NIH/NIDDK $ 1 79,000 (annual direct support) 

A Proliferative Switch for Genetically Modified Cells 

Specific Aim 1 will humanize the mpl vector. Specific aim 2 will test the humanized vector in 
normal mice and in a mouse model of mpl deficiency. Specific aim 3 will test the humanized vector 
in a canine model. Specific aim 4 will test the humanized vector in hemopoietic cells taken fi-om 
patients with mpl deficiency. 
No overlap. 



ROl DK57525-02 (Blau) 9/1/99-8/3 1/03 (no cost extension) 1 5% 

NIH/NIDDK $250,000 (annual direct support) 

Mixed Chimerism in the Hemoglobinopathies 

Specific Aim 1 tests whether CIDs can expand genetically modified stem and progenitor cells in 
vivo. Specific Aim 2 develops a mouse model of mixed chimerism in beta thalassemia, and seeks to 
determine the level of normal donor stem cell engraftment needed to reverse the thalassemic 
phenotype. Specific Aim 3 tests whether CID-mediated in vivo expansion of normal donor stem cells 
can correct the thalassemic phenotype of mice with mixed chimerism. Specific Aim 4 evaluates 
whether FL can sensitize stem ells to 5-FU. In Specific Aim 5, the FL/5-FU combination is added to 
an immunosuppressive condition regimen for studies in allogeneic models of mixed chimerism. In 
Specific Aim 6, findings from the previous specific aims are combined to test CID-mediated in vivo 
expansion of normal donor stem cells in an allogeneic model of mixed chimerism. Specific Aim 1 
overlaps with Specific Aim 1 of P01HL53750. 

ROl DK61844.01 (Blau) 9/1/01-8/31/05 20% 

NIH/NIDDK $225,000 (annual direct support) 

Hemopoietic Stem Cell Plasticity 

Here we propose to characterize the developmental potential of human hemopoietic cells, and to 
develop a method that will allow for the pharmacologically controlled in situ expansion of cells that 
have transited from hemopoietic to non-hemopoietic tissues, using liver as a model. Our approach 
involves expressing a protein that induces cell growth in the presence of a chemical dimerizing agent. 
In Specific Aim 1 we will test the developmental potential of human hemopoietic cells. We will 
study autopsy tissues taken fi-om female recipients of male bone marrow cells to determine whether 
male cells contribute to various non-hemopoietic tissues. In Specific Aim 2 we will test whether 
genetically modified hemopoietic cells retain hepatocyte potential. Bone marrow fi-om male mice 
will be transplanted into female recipients who will then be analyzed for hepatocytes arising fi-om the 
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male donor. In Specific Aim 3 we will construct and test vectors for expanding marrow derived 
hepatocytes. In Specific Aim 4 we v^U use chemical dimerizing agents to expand marrow-derived 
hepatocytes, in vivo. 



POl HL53750-02 (Stamatoyannopoulos) 9/01/00-8/31/04 10% 

NIH/NHLBI $ 1 69,360 (annual direct support) 

Subproject 4: Stem Cell Expansion Using Chemical Inducers of Dimerization (Blau), 
The specific aims of the project are: 1) to test whether CID-mediated activation of mpl allows for the 
in vivo selection of transduced murine stem and progenitor cells; 2) to identify and eliminate mpl 
maturational signaling domains to produce a derivative that is capable of proliferative signaling but 
incapable of maturational signaling; 3) to test whether CID-mediated activation of mpl allows for the 
selection and expansion of transduced human CD34+ cells in vitro and in vivo; 4) to test in vivo 
selection in a large animal model using CIDs; 5) to test vectors that contain both a CID-selectable 
gene and a y globin gene for studies of selection in normal mice and in a mouse model of sickle cell 
anemia. No overlap. 

POl DK55820-01-A1 (Stamatoyannopoulos) 5/01/00-4/30/05 10% 
NIH/NIDDK $ 1 04, 5 1 9 (annual direct support) 

Subproject 2: Receptor Specificity in the Proliferation and Differentiation of Hemopoietic Stem Cells 
(Blau) 

Studies described in this proposal will identify and characterize the features of mpl signaling that are 
permissive for stem cell expansion. Experiments will be performed to determine whether mpl's 
ability to stimulate stem cell expansion is shared by the GCSF receptor. Finally, transgenic mice vsdll 
be used to quantitate the magnitude and kinetics of stem cell expansion occurring in response to mpl 
and GCSF receptor signaling. Studies will be performed to determine whether transient activation 
of the mpl and GCSF receptor can influence the developmental fate of stem cells. No overlap. 

UOl HL66947-01 (Stamatoyannopoulos) 9/28/00-8/31/05 5% 
NIH/NHLBI $ 1 8 1 ,953 (annual direct support) 

The UW/FHCRC Program of Excellence in Gene Therapy, Core A: Clinical Core (Blau) 
The goal of this program is to combine the resources of two institutions, the University of 
Washington and the Fred Hutchinson Cancer Research Center, to advance gene therapy in two areas 
of interest to NHLBI- stem cell gene therapy of hematological disorders and gene therapy of two 
common inherited limg diseases. No overlap. 

MOl RR00037-41 (Ramsey) 12/1/02-3/3 1/08 20% 

NIH/NCRR $6,433,420 (annual direct support for GCRC) 

General Clinical Research Center: Associate Program Director for Gene and Cell Therapy (Blau) 
The goal of the General Clinical Research Center is to provide research infrastructure to the faculty 
members at the University of Washington, Children's Hospital & Regional Medical Center, Fred 
Hutchinson Cancer Research Center, the Seattle VA and Harborview Medical Center. No overlap. 

1P20 GM69983-01 (Blau) 9/30/03-8/3 1/06 1 5% 

NIH/NIGMS $520,338 (annual direct support) 

UW/FHCRC Exploratory Center for Human ES Cell Research (Blau) $500,000/yr (requested) 
This application proposes to build an infrastructure for human embryonic stem cell research that will 
serve both the University of Washington and the Fred Hutchinson Cancer Research Center, 
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Fundamental to this effort will be the establishment of a Human Embryonic Stem Core Laboratory, 
which will provide a centralized facility for the culture, maintenance, manipulation, and 
differentiation of human ES cells, and will serve as a resource for support and training of the local 
research commimity. Three Pilot Projects will complement the Core Laboratory to establish a 
foimdation for human ES cell research in Seattle 

PATENTS 

USPTO Application No. 09/582,916 filed October 2, 2000 Entitled: "Methods of Controlling 
Cell Differentiation and Growth using a Fusion Protein and a Drug" UWOTL 221 1-2733-3471PT 
Liventors: C. Anthony Blau and David Spencer. 

LICENSE 

Washington State Medical License number 0026522; 1989 - present 
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AUGMENTED CV 



Carl Anthony Blau 

TEACfflNG 

1 . I headed the red cell section of the hematology course for second year medical students and 
taught one of the small groups. 

2. Research trainees: 

Tobias Neff, MD: 1/95-12/96, 6/00-4/02. 

Liqing Jin, MD - Hematologist, Beijing: 5/96 - 10/99 

Noppadol Siritanaratkul, MD - Hematologist, Thailand; 1/97 - 12/98. 

Robert E. Richard, MD, Ph.D. - Assistant Professor, Hematology, UW. 7/97- 1/03. 

Hui Zeng, MD - Hematologist, Beijing: 3/98 - 2/00. 

Shengming Zhao MD - Hematologist, Beijing, 5/99 - 12/02. 

Masayoshi Masuko MD - Hematologist, Japan, 10/99 - 4/02. 

Irina Kirillova, MD, Ph.D. Research in liver diseases. 8/00 -7/03. 

Horst von Recum, PhD-Embryonic stem cells, 10/01 -present. 

Wenjin Guo PhD-altemative dimerization systems. 2/02-present. 

Kenji Ihara, MD, Assistant Professor, Kyushu University, Japan, 7/02 -present 

Yasuo Nagasawa, Ph.D., Lead Researcher, Sankyo, Tokyo, Japan, 10/02 - present 

Lazar Dimitrov, Graduate Student, Genome Sciences 7/03 - present 

Angelo DeClaro, MD, Hematology Fellow 9/03 - present 

3. I organize the monthly meeting of the Seattle Gene Therapy Club, and the biweekly meeting 
of Stem Cell Club. 



RESEARCH IN PROGRESS 

In vivo selection using a cell growth switch (Sin et al. Nature Genetics, 26:64-6, 2000; Neff et al., 
Blood, 100:2026-203 1, 2002, Zhao et al., in preparation). 

Selection allows rare cells with a desired phenotype to emerge from a background of unwanted cells. 
Selection of cells within a living organism, termed in vivo selection, has tiie potential to overcome 
many of the current obstacles to gene therapy. Strategies for achieving in vivo selection have relied 
on genes that confer resistance to subsequently administered cytotoxic drugs, however these 
approaches entail toxicity to the organism as a whole. We have developed an alternative system for 
in vivo selection that uses a "cell growth switch," allowing a minor population of genetically 
modified cells to be directly, inducibly and specifically amplified, thereby averting the risks 
associated with cytotoxic drugs. This system provides a general platform for conditionally expanding 
genetically modified cell populations in vivo that may have widespread applications in gene and cell 
therapy. We have shown tiiat this approach works in mouse and canine models. Studies in the 
primate model are ongoing. More recently, we have used the same approach to develop a JAk2- 
based cell growth switch. 

Defining the signals that specify stem cell self-renewal (Zeng et al.. Blood 98:328-334, 2001 ; Zhao et 
al., EMBO J, 21:2159-2167, 2002). 

Defining signals that can support the self-renewal of multipotential hemopoietic progenitor cells 
(MHPCs) is pertinent to imderstanding leukemogenesis and may be relevant to developing stem cell- 
based therapies. We have defined a set of signals, JAK2 plus either c-kit or flt-3, which together can 
support extensive MHPC self-renewal. Phenotypically and ftmctionally distinct populations of 
MHPCs were obtained, depending on which receptor tyrosine kinase, c-kit or flt-3, was activated, 
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Self-renewal was abrogated in the absence of STAT5a^, and in the presence of inhibitors targeting 
either the mitogen activated protein kinase (MAPK) or phosphotidylinositol 3' kinase (PI-3K) 
pathways. These findings suggest that a simple two-component signal can drive MHPC self-renewal. 



Selective expansion of genetically modified primary human hemopoietic cells using chemical 
inducers of dimerization (Richard et al., Blood 95:430-6, 2000, Richard et al., Stem Cells 21:71-78, 
2003). 

We've extended our studies using the dimerizer system to the selective expansion of transduced 
CD34-I- cells of human cord blood origin. Transduced cells expanded an average of 186 fold in the 
presence of dimerizer. The responsive cell type was primarily erythroid. In more recent studies we 
have extended these observations to CD34+ cells from adult marrow. Furthermore, we have found 
that the cell lineages capable of responding to dimerizer can be modulated through the addition of 
growth factors. This work was described in an article pubUshed in the April 21, 2000 issue of the 
Wall Street Journal (page B6). 

The first clinical gene therapy trial using chemical inducers of dimerization. In conjimction with 
Stan Riddell and our collaborators at Ariad Pharmaceuticals we are in the process of preparing to 
perform a clinical gene therapy trial in relapsed leukemia. Donor lymphocyte-mediated anti-tumor 
effects represent the single most important therapeutic benefit of allogeneic bone marrow transplantation 
(BMT). Paradoxically, donor lymphocyte-mediated Graft versus Host Disease (GVHD) represents the 
single greatest toxicity of allogeneic BMT. Over the past decade a large body of research has focused on 
harnessing the therapeutic potential of donor lymphocyte infusions while avoiding the development of life 
threatening GVHD. This proposal describes a pilot study that will test a new system that allows the 
survival of infused donor lymphocytes to come under pharmacological control. Donor lymphocytes are 
equipped with a suicide gene. In the past, HSV thymidine kinase has been used for this purpose, however 
the immunogenic nature of the HSV-TK protein will severely impede the use of this gene in future gene 
therapy trials. In order to reduce the likelihood of immunogenicity, it would be highly desirable to 
employ a suicide gene encoding a protein that is completely human in origin. Our collaborators at 
ARIAD Pharmaceuticals have developed such a system based on the human cell surface receptor Fas, 
which naturally signals apoptosis (programmed cell death) in T lymphocytes. Fas signaling is normally 
initiated by clustering of the receptor by its ligand, leading to a cascade of cytotoxic events. In the 
ARIAD system, clustering of an artificial Fas receptor (introduced by gene transfer) and consequent cell 
death is brought under the control of a small molecule drug Binding of this "dimerizer" clusters the 
chimeric Fas receptors and initiates the natural apoptotic cascade. All the protein components of this 
system are human in origin, therefore the peptide sequences at the fusion sites and a point mutation in 
FKBP12 represent the only potentially immunogenic sequences. 30 patients receiving donor lymphocyte 
infusions for relapse of hematological malignancy will be enrolled. We plan to begin enrollment into this 
trial in September 2002. 

Other Applications of the Dimerizer System 

We have embarked on a series of collaborative studies to determine the utility of using chemical 
inducers of dimerization to stimiJate expansion of genetically modified liver cells (with Andre 
Lieber), pancreatic beta cells (with Ake Lemmark and Andre Lieber), and muscle cells (with Charles 
Murry). If successful, these approaches might prove useful for treating liver diseases, diabetes, and 
other disorders. 

Preliminary Studies for Gene Therapy in Sickle Cell Disease and p Thalassemia 
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In order to perform gene therapy for these disorders, we will need to procure stem cells. The most 
widely used method for obtaining stem cells is to promote their mobilization into the peripheral blood 
using the cytokine GCSF so that they can then be collected by leukapheresis. We have previously 
shown that GCSF can produce life-threatening complications in patients with sickle cell disease 
{Lancet, 1998). 

Our experience with GCSF strongly suggests that altemative means will need to be found for the 
procurement of stem cells in patients with sickle cell disease. A protocol to study the use of 
hydroxyurea for the mobilization of progenitors in patients with sickle cell anemia has been approved 
by the GCRC's Scientific Advisory Committee and the UW Human Subjects Committee, and has 
enrolled three patients. In collaboration with Bob Richard and Erica Jonlin, we are also examining the 
safety of stem cell collection in patients with sickle cell anemia. This work is part of the Program for 
Excellence in Gene Therapy. 

Development of a Clinical Gene Therapy Program at the University of Washington 
As Associate Program Director for Gene and Cell Therapy at the GCRC I have taken part in the 
effort to establish a world class gene therapy program at UW. Over the last 2 years I worked with Dr. 
Oliver Press to establish his gene therapy program on the CRC. I am also Director of the Clinical 
Core for the Program for Excellence in Gene Therapy, and am building the infrastructure for clinical 
gene therapy tri^s at UW, 

PATIENT CARE ACTIVITIES 

1 . I attend on the Hematology Consultation Service for one to two months per year, and on the 
stem cell transplant service or general oncology another month per year. 

2. I maintain a relatively busy Hematology Clinic one half day per week, with emphasis on 
patients with sickle cell anemia and p thalassemia. 



14 



07/29/04 11:45 FAI 617 225 2589 



ARIAD PHAR. 



@002 



Reprint Series 

19 June 1992, Volume 256, pp. 1677-1680 



SciENCE 



Rational Design of Potent Antagonists to trie 
Human Growth Hormone Receptor 

Germaine Fuh. Brian C. Cunningham, Rikiro FuKunaga Shlgekazu Nagata. | : 
vaermciine ru . ^ Goeddel. and James A. Wens | 



Copyright © 1992 by the American Association tor the Advancement of Scic»^ 



07/29/04 11:45 FAX 617 225 2589 ARIAD PHAR. 



[g|003 



BEST AVAILABLE COPY 



Rational Design of Potent Antagonists to the 
Human Growth Hormone Receptor 

Germalne Fuh. Brian C Cunnlngha^^^ "^'^JT^X 
Shigekazu Nagata, David V. Goeddel. James a. wens 

AhybHd receptor v^^ns^^ad^^^^^ 
human growth horinone <hG»p rece^^^ 

domaJr.s of the "^^^^^ ^^^%^ ^^f^S^SdTe hybrid receptor caused proM- 
a myeloW leukemia cell (FDC-P1)^m« 

erationof thesecells.Then«d^ smfo^^n^^^ v^^^ ^^^33 

dimerization because rnonodon^ S^^SotordiiroriUtlon occurs sequentially-a re- 
their monovalent fragmente were not Recepto^^ 

ceptorWndstosttelonhGH andm^a seMnd^^ ^^^^ 
on the basis of this sequentia^ mK^amsm.^^^^ antagonists to hGH- 

;src^r^SrS^n.^u1^^i^^^^^ 

of hGH excess, such as acromegaly. 



Kaowledge of the molecular basis for hor- 
mone action is key to the rational design of 
hormone agonists and antagonists. High- 
resolution mutational analysis (1, Z) ana 
x-ray crystallographic studies (3) have de- 
fined two sites on hGH for binding two 
molecules of the extracellular domain of its 
receptor (hGHbp) (4). Dimerization of the 
hOHbp occurs sequentially, such that a 
hOHbp molecule binds to site 1 and theii a 
second hGHbp molecule binds to both site 
2 on hGH and a site on the first hGHbp 
(Fig. 1). A thorough examinauon ot the 
biological importance of this model has 
been precluded because of the lack of an 
adequate cellular signaling assay for hGH; 
Here, we constructed a sensitive, cell-based 
assay for hGH, invest igated the mechanism 

h Fuh BXXunnlngham,J.A.We11s.DepffltrT^i o' 

Pr4T.' Engineering. G«r%<;S-!?,°^^^';°;S^^"" 
Rnmo Boulevard. South San Francisco. CA 9<»uou. 
R^S^aS S. Nagata. Osaka Blosdenoe Insti- 
hilXp^ Fumedal SuUa-shl. Osaka 565, Japan. 

G^el DeiSrtmenl oJ Molecular Biology. 
^It^nc.. 4^Point San Bmno Boulevard. 

South S an Francisco. CA 94080. 

;T^W)m correspondence should be addressed. 



for signal transduction, and applied ;the 
assay for the design of antagonists to the 
hGH receptor. , 

The hGH receptor belongs to a large 
family of receptors of hematopoietic ongm 
(5) that includes the interleukin-3 (ILO) 
and granulocyte colony-stimulating factor 
(G-CSF) receptors. An lL-3-dependent 
myeloid leukemia cell line (FDC-Pl) trai«- 
fected with the fUU-length murtae G-CSF 
(mG-CSF) receptor is stimulatwl to proW- 
erate by G-CSF without IL-3 (6). We 
constnicted a hybrid receptor that con- 
tained the hGHbp linked to a portion of 
the mG-CSF receptor containing the three 
extracellular fibroncctin repeats, and the 
transmembrane and intracellular doihams 
(7) The fibronectin domains do not partic- 
ipate in the binding of G-CSF but are 
required for efficient expression of the mO- 
CSF receptor (6). 

Competitive displacement ot . i-ia- 
beled hGH from hybrid receptors on whole 
cells was used to establish the affinity for 
hGH and the approximate number of re- 
ceptors per cell (8). In several independent 
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binding experiments, the apparent dissocia- 
tion constant (IQ value for hOH was OA 
± 0 03 nM, and thete were 1000 ± 300 
receptors per cell. This affinity is aW 
three to four times stronger than diat tor 
hGH binding to the soluble hGHbp and 
may reflect a high local concentration ot 
receptors on cells (an avidity effect) - Non- 
transfected ceUs lacked specific bmdmg 
sites for hGH (9). At low concenttaaons, 
hGH induces cell proliferation wltfv a me- 
dian effective concentration (EC50) of ~Z0 
pM (Fig. 2A) . a value somewhat lower than 
the apparent for binding to whole celb 
{-100 pM). This may indicate dmt signal- 
ing fbr maximal ceU proliferation requires 
less than total receptor occupancy. 

Each hGH molecule is bivalent because 
It contains two separate sites for bindit^die 
hGHbp {Fig. 1). In contrast, the hGHbp is 
effectively univalent because each site uses 
virtually the same determinants to bind to 
either site 1 or site 2 on hGH (3). ^ess 
hGH wUl dissociate the hGH- (hGHbp) 2 



complex to form a hGH-hGHbp c«nplex 
in which hGH is bound exclusively at site 1 
to the hGHbp (1). Thus, excess hGH 
should antagonize signaling by preventing 
dimerization (Fig. 1). Indeed, at very high 
hGH concentrations die proliferation ac- 
tivity is lost Iconcentration required to m- 
hibitproUferationby50% (IC^ =2 M-M]. 
Cell proliferation induced by IL-3 was not 
altered in the presence of high coiicentta- 
tions of hGH (8 v-M); thus, 8 \xM hGH is 



HtghlhQHjf 



Inactive (antagortfst) 




Active (agortst) 



not toxic to cells (9). This effect appeal 
not to involve cross-linking of receptoi 
between cells or other cell-to-cell intera< 
tlonfi because the effects of hGH were nc 
influenced by cell density. Furthermore, di 
assay is specific because FDC-Pl cells tb 
contain the full-length tnG-CSF receptt 
do not respond to hGH and cells th: 
contain the hybrid receptor do not respor 
toG-CSF (10). 

To further investigate the requiremei 
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log [MAb]nM 

log inunj ih« * ^ w u. 

121''^ ""Xl^^^lzSS ^S^-mSoethUol. and 1 0% FBS at 3rC and 

at a density of 4 x 10« cells per milliliter (O). 2 x 10^ cells per '""f f (•>• ^J^.^J^Jf ' ^ 
mliniiTg in 100 .1, cells were ^ j-SCSl rcTiTS toiS^lY ^i^^^^^^^ 

error bars indicate the SD. 

receptor. Hone '"dicaies iriai no ^ibw w » ^ ^^^^^^3^^ 

birKling to the hGHbp were taken ^^P'^' < ^)-,^^,^^!^^"t^ hGHbp was preclpit 

proliferation. 



Protein 



(nM) 



IC50 
{self-antagor 



Fig. 1. Sequential dimerization model for acti- 
vation of the hGH^G-CSF hybrid receptor. At 
low concentrations, hGH binds first at site 1 and 
subsequently at site 2 (as indicated) to produce 
an active hGH'(hGHbp)2 complex. At high con- 
centrations, hGH saturates the receptor 
through srte 1 interactions and acts as an antag- 
onist. We show the receptors dissociated initially 
because, in the absence of hGH, the hGHbp 
does not self-dimerize as shown by ultracentnf- 
ugalion for concentrations <0.1 mM. Nonethe- 
less it is possible that some full-length receptors 
are loosely prendimerized and become activat- 
ed upon sequential binding of hGH. 
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MAb263 
MAb13E1 
MAb 3D9 
KAAbS 
FAb 263 
FAb 13E1 
FAb 3D9 
FAb 5 
hGH 

K172A/F176A 
G120R 

H21A/R64K/E174A 
H21A/R64K/E174A/G120R 



0.6 
3.2 
2.2 
0.7 
ND 
ND 
ND 
ND 
0.3 
200 
0.3 
0.01 
0.01 



0.3 nM 
0.8 nM 
0.8 nM 
-2.5 nM 
>1.5 \lU 
>3pJtA 
>0.1 \M 
>1 \M 
20 pM 
25 nM 
None 
20 pM 
None 



-3 \jM 
>10 \M 
0.2 \l] 

>1 \M 
ND 
ND 
ND 
ND 
2M.M 
None 
None 
60 nM 
None 
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Table 2. Summary ot antagonist effects of FAb 
and hGH analogs that biock hGH-induced C€ 
proliferation of FDC-P1 cells containing- th 
hybrid hGH-mG-CSF receptor. Cells were it 
cubated with 1 nM hGH and various concentn 
tlons of FAb ( 1 7) or hGH analog ( t ^ . The ICgo 
the concentration required to block 50% of tl" 
cell proliferation activity of hGH. "None" inc 
cates that no inhibition was observed at conce 
trations of FAb or hGH analog of up to 10 jtf^ 



FIfl. 3. Molecular models based on x-r^ ojyjallog^p^ of JjJH Siirdo'SJ^o/^^^^ 
ribbon diagram of hGH (wl*e) bo^d "'^'^^^ ° ^tarJSuTs in hGH are shown by 

receptor (hGHbp; gray and blac^. ^J^® » hGHbp) ar«J G120 is located 
black dots. K172 and F176 «^^toca ted a site Unterf^^ ^ ^„ 

in site 2 pnterface with gray hGHbp)- Gray °°\'"f^!iT2 7 A resolution x-ray structure of the 
defined by the electron density. fjJ^Se^ o"„^elix 3 ofhGH makes van der Waals 

respectively. 



for dimerization of the hGHbp to signal in 
the hybrid receptor cell proliferation assay, 
we used bivalent monoclonal antibodies 
(MAbs) and univalent fragments derived 
from them (FAbs) that recognized the 
hGHbp. At low concentrations, three ot 
four different MAbs to the receptor were as 
potent as hGH in inducing cell prolifera- 
tion (Fig. ZB and Table 1) . The EC50 value 
for each MAb (0.3 to 1 nM) was usually 
somewhat less than the Kj value deter- 
mined by enzyme-linked immunosorbent 
assay (Table 1). As with hGH. this may 
reflect avidity effects on whole cells or that 
maximal signaling is achieved at less than 
100% receptor occupancy, or both. At 
much higher concentrations (0.2 to -3 
yM), two of these MAbs were less effective 
at stimulating proliferation, presumably be- 
cause excess MAb blocks receptor cross- 
linking by binding monovalently to 
hGHbp, Corresponding monovalent FAb 
fragments had little or no effect on cell 
proliferation (Table 1), which indicates 
further that bivalency is required for signal- 
ing activity. 

The differences in stimulation ot ceil 
proliferation at low concentrations and in- 
hibition at high concentrations for these 
MAbs (Fig. 2B) can be explained by the 
different ways they bind to the hGHbp. 
MAb 5 prevents binding of a second 
hGHbp to the hGH-hGHbp complex (I), 
possibly by binding to the region where 
both receptors contact each other (Fig. 1). 
The fact that MAb 5 is the least efficient at 
stimulating proliferation may indicate that 
the receptors need to approach each other 
closely for optimal signaling. MAb 13E1 
did not inhibit proliferation at the concen- 
' trations tested. This MAb blocks hGH 
binding (I J) and probably binds like hGH 
to form very stable receptor dimers. In 
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contrast, MAbs 263 and 3D9 bind at sites 
away from the hormone-receptor interfaces 
(J I) and show similar agonistic and antag- 
onistic effects on proliferation. Maximal 
stimulation of proliferation by hGH oc- 
cun-ed over a wider range of concentrations 
than did maximal stimulation by MAbs 263 
and 3D9, perhaps because with hGH 
bound, the dimers have the optimal recep- 
tor-to-receptor contacts. The fact that 
MAbs 263 and 3D9 are agonists suggests 
that the structural constraints for formation 
of active dimers are rather loose. 

FAb fragments derived from MAb 13EI 
or MAb 5 antagonized hGH-induced cell 
proliferation, whereas those derived from 
MAbs 263 and 3D9 did not (Table 2). 
These studies are consistent with the fact 
that the binding of MAb 13E1 or MAb 5 to 
their epitopes blocks hormone-to-receptor 



or receptor-to-receptor interfaces, resp< 
tively. 

To determine the structural requi 
ments for dimerization of hGH (Fig. 1), 
examined mutants of hGH that were < 
signed to reduce binding of the receptor 
site 1 or site 2 (Fig. 3). The mutant K172 
F176A (12), which preserves site 2 det 
minants but alters important side chains 
site I, promoted cell proliferation, but 
EC50 was shifted to a concentration ab 
10^ times higher than that of wild-t 
hGH (Fig. 4 and Table 1). This is con 
tent with the 560-fold reduction in 
affinity for site 1 binding of the KlTl 
F176A mutant as compared to that of 
wild-type hGH when measured in v 
(13). No inhibition of proliferation v 
K172A/F176A was observed at the cone 
trations tested. 

On the basis of the x-ray structure of 
hGH-(hGHbp)2 complex (3), we desig 




hGH variant (nM) 

Fig, 4. Proliferation of FDC-P1 cehs containing the 
hGH-mG-CSF hybrid receptor, caused by in- 
aeasing concenlratbns of wild-type hGH (O), the 
site 1 hGH variant K1 72A/F1 76A (•). and the site 
2 hGH variant G120R (□)• Cells were cultured, 
treated, and assayed as described in Ftg. 2A. 
except that cells were treated for 18 hours \wth 
pHlthymidine. The hGH mutants were prepared 
and purified as' described (2, 12). 
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; hGH variant (nM) 
Fig. 5. Antagonism of hGH-induced cell \ 
eration by hGH variants. Cells were prep 
as in Fig. 2A and incubated with 1 nM hGI- 
various concentrations of the site 1 rr 
K1 72A/F16A (•). the site 2 mutant G120P 
the combined enhanced site ^ and site : 
tant (H21A/R64K/E174A/G120R) (■). 
wild-type hGH (O). 




a mutant G120R, which retains a ftinction- 
al site 1 but on which site 2 is stettcaUy 
blocked (Fig. 3B). This variant did not 
affect cell proliferation at the concentra- 
tions tested (Fig. 4). Thus, binding to 
either site 1 or site 2 is necessaiy but not 
sufficient for promoting cell proliferation. 

If the sequential signaling mechanisrn 
(Fig. 1) is correct, mutants Wodced m site Z 
birTding (but not in site 1 bindirig) should 
antagonize hGH-induced ceU proliferation. 
To test this, we cultured celU with enough 
hGH (1 nM) to support 90% of maximal 
cell proUferation and added increasing con- 
centrations of wild-type hGH or the mu- 
tants in site 1 (K172A/F176A) or site 2 
(G120R). As expected, the site 2 mutant 
antagonized hGH whereas site 1 mutant 
was ineffective (Fig. 5). In ha, the site 2 
mutant was nearly 100 times mo« P?^"'?? 
an antagonist (\C^ = 20 nM) (Table 2) 
than wUd-type hGH (IC^ = 2 >iM). For 
hGH to be antagonistic, free hormone miKt 
react with ftee receptors before the hOH- 
bound intermediate does so. This orJy oc- 
curs at high concentrations of hOtt. m 
contrast, once G120R is bound, it cannot 
dimeri2e and agonize the receptor. Thus, 
G120R as an antagonist does not need to 
cotMete against G120R as an agonist. 

Although G120R is a much more potent 
anagoaist dian hGH, 20 nM G120R was 
required to inhibit by 50% the proWera&ve 
efect of 1 nM hGH (Table 2). Tlus may 
reflect the fact that hGH is bound through 
interaction of sites 1 and 2 with two recep- 
tors more tightly than G120R is bound in 
the complex with a single receptor through 
site 1 alone. Furthermore, maximal signal- 
me by hGH may not require 100% receptor 
occupancy. In either case, ^^^(ving die 
affinity of sire 1 for hGHbp m the G120R 
mutant should make it a more potent an- 
tagonist. , , 

Single-site hGH variants have been pro- 
duced (2, 14) that bind more tightly to the 
hGHbp atsitt I. A variant that contain all 
three of these mutations (H21A/R64K/ 
E174A) bound 30 times more tighdy than 
wad-type hGH to the hGHbp (jMt 1). 
This variant had an ICjo for inhibiting 
proliferation that was about 30 times lower 
than that of hGH. This is consUtent with 
the notion that the inhibitory effect results 
from competition for binding to hGHbp 
between site 2 on the bound hormone- 
receptor intermediate and the free site 1 on 
the soluble hormone. The fact that im- 
provement in site 1 binding affinity did not 
improve the efficacy of die hormone as an 
agonist may be understood upon future 
analysis of the on and off rates. 

We frirther mutated this variant by 
changing Gly"° to Arg. The mutant with 
all four modificadons was ten times more 
potent than G120R as an hGH antagonist 

1680 



(Fig. 5 and Table 2). This is ^rth" evi- 
dence for the importance of site 1 bmding 
properties for antagoriism. ; 

Our data suggest that the inhibition of 
proliferation caused by hGH. MAbs, and 
their derivatives is the result of blocking 
receptor dimerization rather than causing 
down-regulation of receptors. F^"^ J^f 
propagated with IL-3 instead of hGH do 
not show a greater hGH respotise or; hGH 
receptor number (9). Second, receptor 
down-reguUtion is usually conekted to re- 
ceptor activation. The ratio of EC50 W 1^50 
for each of the MAbs and hGH ivanes 
widely, which shows that receptor activa- 
tion can be readily uncoupled from ^nhlbl- 
tion by the alteration of binding properties. 
FinaUy, the G120R mutant is inactive as an 
agonist, although it is a more potent antag- 
onist than hGH (Fig. 5), and preffeatment 
of cells with G120R does not enhance its 
antagonistic effect (9). Thus, the antago- 
nistic effect of G120R is not consistent with 
receptor down-regulation. It is possible that 
the inhibitory effects observed for ottier 
honnones at high concentrations may occur 
because receptor dimerization is blocked by 
self-competition. . , 

Our snidies indicate that sequential 
dimerization is cmcial for hybrid-receptor 
activation- Knowledge of thU mechanism 
and the structural (3) and ftinctional (I, 
properties of the binding interfaces allowed 
us to design potent antagonists to the hUH 
receptors, which may be usefiil in the clin- 
ical treatment of hGH excess acroinegaly 
(15). In fact, a transgeruc stram of imce 
that expresses large amounts of bovine GH 
altered in site 2 produces dwarf mice (lb). 
This mechanism-based strategy for design of 
potent antagonists for hGH may be appli- 
cable to other hoimoncs such as prolacm, 
placental lactogen, 11^2, 11-3, IU6,:G-C5F, 
granulocyte-macrophage-CSF, erythropoi- 
etin, and related hematopoietines and cyto- 
kines (5) if sequential binding of two recep- 
tors to a single hormone molecule is required 
for their signaling. 
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